This study examined the durational patterns of English production by Chinese learners of English. The same production experiment of 19,[231][232][233][234][235][236][237][238][239][240][241][242][243][244][245][246][247][248] was conducted to investigate how Chinese speakers of English control the durational properties of inter-stressed intervals (ISIs) and target stressed vowels by compressing the stressed vowels when unstressed syllables are added. Five male and three female English non-proficient Chinese speakers of the northeast dialect participated in the study. They were all recruited from Changchun city in Jilin province of China. They graduated from the same high school, and they did not have any experience of oversea study in any English speaking country. Durations of the ISIs and the target vowel were analyzed. The analysis of the ISI durations revealed that the ISI durations produced by the non-proficient Chinese learners of English showed the similar durational patterns like the nonproficient Japanese learners of English did in Mochizuki-Sudo and Kiritani (1991) . The analysis of stressed vowel durations showed that when they produced the vowel durations, they didn't show the similar durational patterns like the non-proficient Japanese, but those to the American speakers. The implications from the results will be discussed [Supported by JSPS].
INTRODUCTION
In this view, these two factors operate independently and the non-proficient Chinese learners of English would only exhibit evidence to show vowel reduction in English sentence production.
PRODUCTION EXPERIMENT Methods
Six male speakers (M1-M6) and three female speakers (F1-F3) were recruited as participants from the city of Changchun in Jilin Province of China. The ages of the participants ranged from 23 year old to 25 years old at the time of participation. They were native speakers of the northeast dialect of Chinese. They were educated in the same high school in the city, had no study-abroad experience in any of the English-speaking countries and did not major in English at college. Therefore, the participants in this study were considered as non-proficient Chinese learners of English, who are equivalent to non-proficient Japanese learners of English in Mochizuki-Sudo and Kiritani (1991) . All of the participants had normal speech and hearing patterns according to their profiles.
The recorded materials in the production experiment were the same 22 sentences used in Mochizuki-Sudo and Kiritani (1991) . The sentences were categorized into four sets. In this study, only the sentences of Set 1 were analyzed. The analyzed sentences of Set 1 are shown in Table 1 . The sentences of Set 1 differed in the number of nominally unstressed syllables that intervened between a target stressed syllable and the next stressed syllable. The number of syllables in the target ISI ranged from zero to three, so that the number of syllables in the target ISI ranged from one to four. The italicized bold parts are the target ISIs in which the durations were measured.
In the production experiment, twenty-two sentences were presented to each participant six times and were arranged in a random order. In total, 132 sentences were presented in the experiment. All the participants were asked to produce the sentences at a comfortable pace of speaking, and they were asked to read each sentence through without pausing. When they made a mistake or a pause, they were asked to repeat the sentences from the beginning. Before the experiment, they got enough time for their practice and familiarization. A native speaker of Chinese who are from the city of Changchun in Jinlin province of China served as an experimenter. The participants were given a sheet of paper that shows all 22 sentences in which stressed syllables were marked in order to obtain the same stress patterns from all participants. The production experiment was controlled by E-prime software installed in the computer (Psychology Software Tools, Pittsburgh, PA; www.pstnet.com). 
Sentences
Numbers of Syllables in an ISI They bought books by the carload. 1
They bought the books by the carload. 2
They bought up books by the carload. 2
They bought me books by the carload. 2
They bought up the books by the carload. 3
They bought up my books by the carload. 3
They bought me the books by the carload. 3
They bought up all my books by the carload. 4
Results
The current data were analyzed in the same ways in the Mochizuki-Sudo and Kiritani (1991)'s production experiment because the production experiment here was based on their study. This also enables us to directly compare the data of non-proficient Chinese learners of English to the data of the other three language groups in their study. In this paper, only eight sentences of Set 1 were analyzed. Measurements of ISIs and target vowels were conducted as follows. First, five out of six sentences were selected per target sentence and were segmented into small sentence sound files. Forty sentences were analyzed per participant. Secondly, the onset and offset of the ISI as well as those of the vowel in each target sentence were labeled. Broad-band spectrograms were made for each sentence sound file. The interval between the onset of the target stressed vowel and that of the next stressed vowel were labeled in order to measure the duration of the target ISI. For the sentences of Set 1, the interval between the start of the vowel ‫]ܧ[‬ in "bought" and the beginning of the vowel ‫]ݜ[‬ in "book" was measured. The start of the vowels was defined at the instant sharp rise appeared in the power of the first formant. Since all target vowels were followed by a voiceless stop [t] , the end of the vowels was defined as the abrupt decrease in power corresponding to the stop closure. Sound editing and labeling were performed using Praat (Boersma and Weenik, 2013) .
For the analyses, the M3 data was excluded because of his bad recordings. The data of five males and three females were submitted to the analyses. Figure 1 represents the average durations of the ISIs for the sentences of Set 1 as a function of the number of syllables in the ISI produced by American speakers, proficient Japanese learners of English, non-proficient Japanese learners of English and non-proficient Chinese learners of English. The data of the above first three groups was adapted from Figure 1 in the production experiment of Mochizuki-Sudo and Kiritani (1991) . Table 1 shows the mean ISI durations of the sentences of Set 1 as a function of number of syllables in the ISI by groups (American speakers, proficient Japanese learners of English, non-proficient Japanese learners of English, non-proficient Chinese learners of English) and by participants (M1, M2, M4, M5, M6, F1, F2, F3).
As Figure 1 shows, the average ISI durations of the one-syllable ISI condition produced by all four groups was very similar. However, the ISI durations of the other three conditions diverged more as unstressed syllables were added to the ISI. The American speakers produced the shortest ISI durations for the two-, three-and four-syllable ISI conditions. The proficient Japanese learners of English produced shorter ISI durations than the non-proficient Japanese and Chinese learners of English in the two-, three-and four-syllable ISI conditions. Although nonproficient Japanese and Chinese learners of English seemed to exhibit the same tendency, the non-proficient Chinese learners of English produced the longest ISI durations in all but the four-syllable ISI condition. As shown in Table  2 , all eight non-proficient Chinese learners of English served as participants showed the same tendency. Interestingly, as the number of syllables in the ISI became larger, not only the ISI durations became longer, but also the ISI durational differences became larger (116.20 ms for one-syllable vs. two-syllable ISI difference, 235.56 ms for two-syllable vs. three-syllable ISI difference, 278.57 ms for three-syllable vs. four-syllable ISI difference).
A repeated-measure of ANOVA revealed that the ISI durations of the four ISI conditions produced by nonproficient Chinese learners of English were statistically different (F (3, 7) = 233.645, p < 0.001). Multiple comparisons with Bonferroni correction further revealed that all comparisons were significantly different (all significant at p < 0.001). Now, let us move on to vowel analyses. Table  3 shows the mean vowel durations of the target vowel ‫]ܧ[‬ for the sentences of Set 1 as a function of number of syllables in the ISI by groups (American speakers, proficient Japanese learners of English, non-proficient Japanese learners of English, non-proficient Chinese learners of English) and by participants (M1, M2, M4, M5, M6, F1, F2, F3). As in the analyses of the ISIs, the data of the above first three groups (American speakers, proficient Japanese learners of English, and non-proficient Japanese learners of English) was calculated from Figure 2 in the production experiment of Mochizuki-Sudo and Kiritani (1991) .
The durations of the target stressed vowel were manipulated in terms of the number of syllables in the ISI by some language groups. The different patterns in terms of the vowel durational manipulation of stressed vowel among the four groups were observed. The most significant difference demonstrated by the groups in their study was the vowel reduction trend from the one-syllable ISI condition to the two-syllable ISI condition. When the number of the unstressed syllables in the ISI was changed from 1 to 2, the average stressed vowel duration produced by American speakers, proficient Japanese speakers of English and non-proficient Chinese speakers of English were reduced, but not by non-proficient Japanese learners of English. Mochizuki-Sudo and Kiritani (1991) reported that in Set 1, the amount by which the stressed vowels compress from a one-syllable ISI to a two-syllable ISI was 9% for the Americans, 19% for the proficient Japanese learners but only 1% by the non-proficient Japanese learners of English. The vowel reduction of the proficient Japanese learners of English was exaggerated as a reflection of their realization of the vowel reduction in English. Therefore, the production data of Mochizuki-Sudo and Kitahara (1991) suggest that the vowel reduction manipulation from the one-syllable ISI condition to the two-syllable ISI condition is a reflection of vowel reduction manipulation in the ISI. This vowel reduction should be observed in the three-and four-syllable ISI conditions. The vowel durations in the two-, three-and four-syllable ISI conditions should not be significantly different.
Recall that the ISI duration patterns of non-proficient Chinese learners of English were very similar to the ones of non-proficient Japanese learners of English, which indicates that both groups of participants lack the ability to manipulate the ISI durations. As explained, non-proficient Japanese learners of English did not show vowel reduction from the one-syllable ISI condition to the two-syllable ISI condition. Therefore, we would expect that the vowel reduction analysis of the non-proficient Chinese learners of English show similar results to the ones by the non-proficient Japanese learners of English. The mean stressed vowel compressed rate from a one-syllable ISI to a two-syllable ISI was 5.8% for nonproficient Chinese learners of English, which is closer to 9% by American speakers than to 1% by non-proficient Japanese learners of English. The repeated-measure of ANOVA showed the main effect of the ISI conditions (F (3, 7) = 4.405, p < 0.05). However, further analyses of multiple comparisons with Bonferroni correction revealed that all comparisons failed to reach the significant level, although the vowel durations in the two-, three-and foursyllable ISI conditions were shorter than the vowel duration in the one-syllable ISI condition and seemed to be grouped. 
Number of syllables in the ISI

Stressed vowel duration (ms)
Number of syllables in the ISI Ǧ Ǧ Table 3 shows the target vowel durational differences between the one-syllable ISI condition and the twosyllable ISI condition, and their reduction rates for nonproficient Chinese learners of English. As you can see from the table, unlike the ISI analyses, the participants were categorized into three groups. The majority of the participants (M1, M2, M4, M6, F1 and F2) seemed to belong to the same group who showed a vowel reduction tendency. The average vowel reduction rate for this group was 9.79%, which was about the same value for American speakers reported in Mochizuki-Sudo and Kiritani (1991). M5 and F3 might have shown different patterns, respectively. M5 should belong to the group where vowel reduction from the one-syllable ISI condition to the twosyllable ISI condition was not observed like the nonproficient Japanese learners of English. The F3 data showed that the vowel duration in the two-syllable ISI condition was longer than the one in the one-syllable ISI condition, which probably needs to be separated from the other two groups. Once we excluded the two participants' data, the effect emerged. The mean values of the vowel durations in the four ISI conditions were 158.95 ms, 143.52ms, 142.00 ms and 141.35 ms, respectively. The repeated-measure of ANOVA showed the main effect of the ISI conditions (F (3, 5) = 7.502, p < 0.01). Further analyses of multiple comparisons with Bonferroni correction revealed that only a comparison between the one-syllable ISI condition and the two-syllable ISI condition reached the significant level (p < 0.05). This was probably because the standard errors for the three-and four-syllable ISI conditions were much higher than the two-syllable ISI condition (S.E. for two-syllable ISI condition: 3.375; S.E. for three-syllable ISI condition: 5.466; S.E. for four-syllable ISI condition: 5.423).
GENERAL DISCUSSION
The ISI analysis and the stressed vowel duration analysis revealed that the non-proficient Chinese learners of English showed similar ISI durational patterns to non-proficient Japanese learners of English do, which was observed in Mochizuki-Sudo and Kiritani (1991), but they didn't show the same vowel durational patterns as the non-proficient Japanese speakers did.
The results of the ISI analyses showed that the durational ISI patterns non-proficient Chinese learners of English produced were not like the ones produced by American speakers. The production patterns obtained from nonproficient Chinese learners of English were very similar to the ones produced by non-proficient Japanese learners of English in Mochizuki-Sudo and Kiritani (1991) . The non-proficient Chinese learners of English produced longer ISIs than non-proficient Japanese learners of English when unstressed syllables were added to the ISIs. These patterns would suggest that like non-proficient Japanese learners of English, non-proficient Chinese learners of English controlled very little foot-level shortening. The ISI durations became longer as the number of syllables in the ISI increased. This tendency was observed from both non-proficient Chinese and Japanese learners of English, which may also suggest that both groups of participants employed their language-specific speaking strategies when spoke English sentences.
The results of the vowel analyses first revealed that the non-proficient Chinese learners of English did not show the same tendency as a group. However, once we excluded two participants' data, the effect emerged. In Mochizuki-Sudo and Kiritani (1991) , the significant reduction of vowels from the one-syllable ISI condition to the two-syllable ISI condition by American speakers was observed, which leads to the interpretation that the vowel reduction here was a reflection of the English rhythmic structure. The assumption here was that productions of nonproficient Chinese learners of English reflect their native language rhythmic structure and that stress vowel reduction is only caused by the ISI durational manipulation. This assumption supports the first prediction described in the introduction. However, the results may rather show that vowel reduction and the foot-level shortening were independent for non-proficient Chinese learners of English who demonstrate their native language rhythmic structure. The vowel reduction process is highly related to the stress system in the northeast dialect of Chinese, their native language, and is independent from the ISI durational manipulation. This may indicate that non-proficient Chinese learners of English demonstrated their native rhythmic patterns in English. If this is the case, the ISI analyses of the non-proficient Chinese learners of English also should reflect their native language rhythmic patterns. The ISI analyses clearly supported this view because the foot-level shortening was not observed in spoken English by non-proficient Chinese learners of English. The results would rather suggest that vowel reduction observed in spoken English was a reflection of the native language of non-proficient Chinese learners of English, irrelevant to the English rhythmic structure. Altogether, the current results would support the second prediction, not the first prediction described in the introduction section. The participants of the current study who spoke the northerst dialect of Chinese exhibited their native speaking characteristics in spoken English sentences.
CONCLUSION
According to the results of my production experiment, we claimed non-proficient Chinese learners of English exhibited the characteristics of the language-specific native speaking strategies when they spoke English sentences. There are at least the following two points to be clarified. First, the current analyses did not consider speech rate and were sorely based on the absolute durations. Second, only eight out of twenty-two sentences were analyzed in this study. The rest of the data needs to be analyzed. More complete and coherent analyses of the data are absolutely necessary.
